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OPTICAL OQONSTANTS OF MINERALS AND
OTHER MATERIALS FROM THE MILLIMETER
T0 THE ULTRAVIQLET
1. STATEMENT OF OBJECTIVE

The objective for the University of Missouri-Kansas City
- portion of this contract was
to determine optical constants in the 0.2-55.5 . m wavelength
v region on a variety of hitherto uncharacterized smoke
materials including (but not limited to) metals, crystalline
mterials, and liquids.
Professor R.J. Bell and R.W. Alexander at the University of
Missouri-Rolla are reporting separately on the optical constants of
smoke materials in the 50-10,000, m wavelength region.
2. CONCLUSION
We prepared samples for 24 materials, measured 28 reflectance
spectra of the materials, measured at least 40 transmittance spectra
for 6 of the materials, used Kramers-Kronig analysis as the primary
means to determine spectral values of the complex refractive indices
n+ik from 27 of the reflactauce spectra and 5 extinction coefficient
spectra, and herein present the measurements and spectral values of
n+ik in graphical and tabular form. Data files more complete than
those in the tabulations presented here were sent electronically via
Bitnet-ARPAnet to the Contracting Officer's Technical Representative,
Mr. Merrill E. Milham, CRDEC.

15




3. MATERIALS INVESTIGATED

l'

o

)

:: Twenty-four (24) materials were investigated which comprised 29
)

)

te samples, e.g. an optically biaxial crystal such as anhydrite is one
material but was considered to be three samples because three

¢ separate spectra are required to optically characterize aohydrite.
o The 29 samples were

-
.

1. Sodium Chloride (NaCl)

o

[
»

Potassium Chloride (KECl)

”~

Cesium Iodide (CsI)

2 i)

Cesium Bromide (CsBr)
Barium Fluoride (BaFj)
Zinc Sulfide (ZnS)

Zinc Selenide (ZnSe)
Colloidal Montmorillonite

© ® I3 0 >0

Colloidal Kaolin

2 10. Oolloidal Illite

X 11. Composite Clay (Sumples 8,9,10) .
12. Diesel Socot made at UMKC

" 13. Diesel Soot froum NMSU, unheated .
': 14. Diesel Soot from NMSU, beated

K 15. lanthanum Hexaboride Powder

" 16. Anhydrite (E para. X)

o 17. Anhydrite (E para. Y)

18. Anhydrite (E para. 2)

19. Dolomite (E para. C)

16




Dolomite (E perp. C)

Molybdenum

Zirconium

Manganese

Zinc

Polydimethylsiloxane Fluid (SF-96)
Dimethyl-methylphosphonate (LMMP)
Diisopropyl-methylphosphonate (DIMP)
Diethylphthalate (DEP)

Diethyl sulfite (DES)

17




4.
4.1

OPTICAL PROPERTIES AND OPTICAL CONSTANTS

Sodium Chloride (MNaCl)

Sodium chloride is an optically isotropic cubic crystal with
Fm3m space group symmetry, 2Z2=4 molecular units/unit cell, and
specific gravity of 2.168. The crystals used for the
investigation were high purity 2.5 cm cubes obtained from Optovac
Inc., E. Brookfield Rd., North Brookfield, MA 01535.

A sample for measurement of reflectance spectra was prepared
as follows. A 63.4-26.6-90.0 degree right angle prism was cut
from one of the cubes to eliminate the possibility of measuring
radiant flux reflected from the back surface of the sample. The
2.5 cm square face of the prism, from which the reflectance was to
be measured was polished on a water saturated Beuhler Microcloth,
rinsed in carbon tetrachloride to remove the water fram the
surface, etched for about 1.5 hours in concentrated hydrochloric
acid, rinsed again in carbon tetrachloride, dried, and transferred
immediately to the dry-air atmosphere of one of the spectrometers
for acquisition of reflectance spectra.

The reflectance at near normal incidence (6.5 deg) was
measured relative to precalibrated first-surface aluminum
mirrors. A Perkin-Elmer 580B and a Varian 2300 spectrophotometers
were used to acquire the relative reflectance spectrum of the
sample in the 180-4,000 cm™! wave~number and 200-2,50C nm wave—
length regions, respectively. The reflectance spectrum of NaCl
was then obtained by multiplying the relative reflectance spectrum

18
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with the reflectance spectrum for the aluminum mirror. The
resultant reflectance spectrum for aCl is presented in Figures 1
and 2.

The complex refractive index n+ik for NaCl was determined by
Kramers-Kronig methods. For this purpose the infrared reflectance
spectrum was extended from 180 em™! to 0 em™! by use of the data
previously tabulated for NaCl by Eldridge and Pali.l Spectral
values of n and k are presented graphically in Figures 1 and 2,
and are tabulated in Table 1. There is no graph of the k spectrum
iq Figure 2 because in the 200-2,500 nm wavelength region k for

NaCl is too small to be measured by use of reflectance methods.
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Table 1.

WN

Sodium Chloride

WL

60.00 166.6667
80.00 125.0000
100.00 100.0000

120.00
140.00
160.00
180.00
200.00
220.00
240.00
260.00
280.00
300.00
320.00
340.00
360.00
380.00
400.00
420.00
440.00
460.00
480.00
500.00
5§20.00
540.00
560.00
580.00
600.00
620.00
640.00
660.90
680.00
700.00
720.00
740.00
760.00
780.00
800.00
820.00
840.00
860.00
880.00
900.00
920.00
940.00
960.00
980.00
1000.00
1020.00
1040.00

83.3333
71.4286
62.5000
55.5556
50.0000
45.4545
41.6667
38.4615
35.7143
33.3333
31.2500
29.4118
27,7778
26.3158
25.0000
23.8095
22.72173
21.7391
20,8333
20.0000
19.2308
18.5185
17.8571
17.2414
16.6667
16.1290
15.6250
15.15158
14.7059
14.2857
15.3889
13.5135
13.1579
12.8205
12.5000
12,1951
11.9048
11.6279
11.3636
11.1111
10,8696
10.6383
10.4167
10.2041
10.0000

9.8039

9.6154

2.493
2.585
2.756
3.047
3.662
6.293
0.431
0.192
0.265
0.497
0.480
0.677
0.866
1.001
1.093
1.171
1.226
1.263
1.302
1.330
1.352
1.371
1.386
1.396
1.406
1.417
1.428
1.435
1.441
1.446
1.451
1.455
1.460
1.464
1.468
1.471
1.474
1.478
1.480
1.483
1.486
1.488
1.490
1.493
1.495
1.497
1.498
1.500
1.501
1.503

(NacCl).

K

0.056
0.071
0.077
0.0958
0.226
1.948
3.582
1.970
1.147
0.792
0.617
0.172
0.102
0.049
0.031
0.011
0.014
0.003
0.003
0.002
0.003
0.004
0.00S
0.006
0.003
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

DN

0.030
0.026
0.029
0.034
0.059
0.516
0.064
0.016
0.013
0.016
0.014
0.011
0.012
0.002
0.024
0.017
0.015
0.014
0.014
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013

DK

0.056
0.071
0.077
0.095
0.226
0.684
0.286
0.109
0.056
0.038
0.033
0.015
0.010
0.042
0.010
0.008
0.010
0.003
0.003
0.002
0.003
0.004
0.005
0.006
0.003
0.001
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

PAGE 1

R

0.182956
0.19575
0.21890
0.25620
0.32765
0.55825
0.88410
0.85490
0.63670
0.30700
0.25380
0.04695
0.00815
0.00060
0.00220
0.00620
0.01035
0.01355
0.01725
0.02005
0.02240
0.02445
0.02620
0.02730
0.02845
0.02975
0.03105
0.03190
0.03265
0.03330
0.03385
0.03440
0.03495
0.03540
0.03590
0.03635
0.03675
0.03715
0.03780
0.03785
0.03815
0.03845
0.03875
0.03905
0.03930
0.03985
0.03975
0.03995
0.04015
0.04035




Table 1. Sodium Chloride (NaCl). PAGE 2

WN WL N K DN DK R

1060.00 9.4340 1.504 0.000 0.013 0.000 0.04050
1080.00 9.2593 1.505 0.000 0.013 0.000 0.04065
; 1100.00 9.0909 1.506 0.000 ¢.013 0.000 0.04075
| 1120.00 8.9286 1.507 0.000 0.013 0.000 0.04090
! 1140.00 8.7719 1.508 0.000 0.013 0.000 0.04100
. 1160.00 8.6207 1.509 0.000 0.013 0.000 0.04110
' 1180.00 8.4746 1.509 0.000 0.013 0.000 0.04115
; 1200.00 8.3333 1.510 0.000 0.013 0.000 0.04125
i 1220.00 8.1967 1.510 0.000 0.013 0.000 0.04130
} 1240.00 8.0645 1.511 0.000 0.013 0.000 0.04140
1260.00 7.9365 1.511 0.000 0.013 0.000 0.04145

> 1280.00 7.8125 1.512 0.000 0.013 0.000 0.04150
1300.00 7.6923 1.512 0.000 0.013 0.000 0.04160

1320.00 7.5758 1.513 0.000 0.013 0.000 0.04165

1340.00 7.4627 1.513 0.000 0.013 0.000 0.04170

1360.00 7.3529 1.514 0.000 0.013 0.000 0.04175

; 1380.00 7.2464 1.514 0.000 0.013 0.000 0.04180
' 1400.00 7.1429 1.514 0.000 0.013 0.000 0.04185
; 1420.00 7.0423 1.516 0.000 0.013 0.000 0.04190
- 1440.00 6.9444 1.515 0.000 0.013 0.000 0.041956
' 1460.00 6.8493 1.5616 0.000 0.013 0.000 0.04200
| 1480.00 €6.7568 1.516 0.000 0.013 0.000 0.04200
1500.00 6.6667 1.516 0.000 0.013 0.000 0.04205

: 1520.00 6.5789 1.616 0.000 0.013 0.000 0.04210
; 1540.00 6.4935 1.517 0.000 0.013 0.000 0.04215
| 1560.00 6.4103 1.517 0.000 0.013 0.000 0.04220
! 1580.00 6.3291 1.517 0.000 0.013 0.000 0.04220
| 1600.00 6.2500 1.518 0.000 0.013 0.000 0.04226
, 1620.00 6.1728 1.518 0.000 0.013 0.000 0.04230
- 1640.00 6.0976 1.518 0.000 0.013 0.000 0.04235
| 1660.00 6.0241 1.519 0.000 0.013 0.000 0.04240
i 1680.00 5.9524 1.519 0.000 0.013 0.000 0.04240
' v 1700.00 5.8824 1.519 ©0.000 0.013 0.000 0.04245
' 1720.00 5.8140 1.519 0.000 0.013 0.000 0.04250
, 1740.00 5.7471 1.520 0.000 0.013 0.000 0.04255
. 1760.00 5.6818 1.520 0,000 0.013 0.000 0.04255
! u 1780.00 5.6180 1.520 0.000 0.013 0.000 0.04260
1800.00 5.5556 1.521 0.000 0.013 0.000 0.04268

! 1820.00 5.4945 1.521 0.000 0.013 0.000 0.04270
1840.00 5.4348 1.621 0.000 0.013 0.000 0.04270

! 1860.00 5.3763 1.521 0.000 0.013 0.000 0.04278
1880.00 5.3191 1.522 0.000 0.013 0.000 0.04280
1900.00 5.2632 1.522 0.000 0.013 0.000 0.04285
1920.00 5.2083 1.522 0.000 0.013 0.000 0.0428%
1940.00 5.1546 1.523 0.000 0.013 0.000 0.04290
1960.00 5.1020 1.523 0.000 0.013 0.000 0.0429%
1980.00 5.0505 1.523 0.000 0.013 0.000 0.04300
i 2000.00 5.0000 1.524 0.000 0.013 0.000 0.04305
; 2020.00 4.9505 1.524 0.000 0.013 0.000 0.04305
: 2040.00  4.9020 1.524 0.000 0.013 0.000 0.04310
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Table 1.

WN

2060.00
2080.00
2100.00
2120.00
2140.00
2160.00
2180.00
2200.00
2220.00
2240.00
2260.00
2280.00
2300.00
2320.00
2340.00
2360.00
2380.00
2400.00
2420.00
2440.00
2460.00
2480.00
2500.00
2520.00
2540.00
2560.00
2580.00
2600.00
2620.00
2640.00
2660.00
2680.00
2700.00
2720.00
2740.00
2760.00
2780.00
2800.00
2820.00
2840.00
2860.00
2880.00
2900.00
2920.00
2940.00
2960.00
2980.00
3000.00
3020.00
3040.00

Sodium Chloride

WL

4.8544
4.8077
4.7619
4.7170
4.6729
4.6296
4.5872
4.5455
4.5045
4.4643
4.4248
4.3860
4.3478
.3103
.2735
.2373
.2017
1667
.1322
.0984
.0650
.0323
. 0000
.9683
.9370
.9063
.8760
.8462
.8168
.7879
.7594
.7313
.7037
.6765
.6496
.6232
.5971
.5714
.5461
.5211
.4965
.4722
.4483
.4247
.4014
.3784
.3557
.3333
.3113
.2895

WWWWLWLWWLWWWWWWWLWWWWWLWLWWLWWWWWLWWLWWWWSEEEELEEELD

i

1.524
1.528
1.525
1.525
1.526
1.526
1.526
1.526
1.527
1.527
1.527
1.527
1.527
1.528
1.528
1.528
1.528
1.529
1.529
1.529
1.529
1.529
1.529
1.529
1.529
1.529
1.529
1.529
1.530
1.5830
1.530
1.530
1.530
1.530
1.530
1.530
1.530
1.531
1.531
1.521
1.5631
1.531
1.531
1.532
1.532
1.5632
1.532
1.532
1.5632
1.533

24

(NaCl).

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.9200
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
c.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

OCO0O0000O000O0OOO00OO0

DK

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

PAGE 3

R

0.04315
0.04320
0.04325
0.04325
0.04330
0.04335
0.04340
0.04340
0.04345
0.04350
0.04350
0.04355
0.04355
0.04360
0.04360
0.04365
0.04365
0.04370
0.04370
0.04370
0.04375
0.04375
0.04375
0.04380
0.04380
0.04380
0.04380
0.04380
0.04385
0.04385
0.04385
0.04385
0.04385
0.04385
0.04390
0.04390
0.04390
0.04395
0.04395
0.04400
0.04400
0.04405
0.04405
0.04410
0.04410
0.04415
0.04415
0.04420
0.04420
0.04425



Table 1. Sodium Chloride (NacCl). PAGE 4

WN WL N K DN DK R

3060.00 3.2680 1.533 0.000 0.013 0.000 0.04425
3080.00 3.2468 1.533 0.000 0.013 0.000 2.04425
3100.00 3.2258 1.533 0.000 0.013 0.000 0.04430
3120.00 3.2051 1.533 0.000 0.013 0.000 0.04430
3:40.00 3.1847 1.534 0.000 0.013 0.000 0.04435
3160.00 3.1646 1.534 0.000 0.013 0.000 0.04435
3180.00 3.1447 1.534 0.000 0.013 0.000 0.04435
3200.00 3.1250 1.534 0.000 0.013 0.000 0.04435
3220.00 3.105v 1.534 0.000 0.013 0.000 0.04435
3240.00 3.0864 1.534 0.000 0.013 0.000 0.04440
3260.00 3.0675 1.534 0.000 0.013 0.000 0.04440
3280.00 3.0488 1.534 0.000 0.013 0.000 0.04440
3300.00 3.0303 1.534 0.000 0.013 0.000 0.04440
3320.00 3.0120 1.534 0.000 0.013 0.000 0.04445
3340.00 2.9940 1.534 0.000 0.013 0.000 0.04445
3360.00 2.9762 1.534 0.000 0.013 0.000 0.04445
3380.00 2.9586 1.534 0.000 0.013 0.000 0.04445
3400.00 2.9412 1.534 0.000 0.013 0.000 0.04445
34720.00 2.9240 1.534 0.000 0.013 0.000 0.04445
3440.00 2.9070 1.534 0.000 0.013 0.000 0.04445
3460.00 2.8902 1.534 0.000 0.013 0.000 0.04440
3480.00 2.8736 1.534 0.000 0.013 0.000 0.04440
3500.00 2.8571 1.534 0.000 0.013 0.000 0.04440
3520.00 2.8409 1.534 0.000 0.013 0.000 0.04440
3540.00 2.8249 1.534 0.000 0.013 0.000 0.04435
3560.00 2.8090 1.534 0.000 0.9013 0.000 0.04435
3580.00 2.7933 1.534 0.000 0.013 0.000 0.04435
3600.00 2.7778 1.534 0.000 0.013 0.000 0.04435
3620.00 2.7624 1.533 0.000 0.013 0.000 0.04430
3640.00 2.7473 1.533 0.000 0.013 0.000 0.04430
3660.00 2.7322 1.533 0.000 0.013 0.000 0.04430
3680.00 2.7174 1.5833 0.000 0.013 0.000 0.04425
3700.00 2.7027 1.533 0.000 0.013 0.000 0.04425
3720.00 2.6882 1.533 0.000 0.013 0.000 0.04425
3740.00 2.6738 1.533 0.000 0.013 0.000 0.04425
3760.00 2.6596 1.533 0.000 0.013 0.000 0.04425
3780.00 2.6455 1.533 0.000 0.013 0.000 0.04425
3800.00 2.6316 1.533 0.000 0.013 0.000 0.04425
3820.00 2.6178 1.533 0.000 0.013 0.000 0.04425
3840.00 2.6042 1.533 0.000 0.013 0.000 0.04425
3860.00 2.5907 1.533 0.000 0.013 0.000 0.04425
3880.00 2.5773 1.533 0.000 0.013 0.000 0.04425
3900.00 2.5641 1.533 0.000 0.013 0.000 0.04425
3920.00 2.5510 1.533 0.000 0.013 0.000 0.04425
3940.00 2.5381 1.533 0.000 0.013 0.000 0.04425
3960.00 2.,5253 1.533 0.000 0.013 0.000 0.04425
3980.00 2.5126 1.533 0.000 0.013 0.000 0.04425
4000.00 2.5000 1.533 0.000 0.013 0.000 0.04425
4032.26 2.4800 1.532 0.000 0.013 0.000 0.04420
4065.04 2.4600 1,532 0.000 0.013 0.000 0.04420

25



Table 1. Sodium Chloride (NaCl). PAGE §

WN WL N K DN DK R

4098.36 2.4400 1.832 0.000 0.013 0.000 0.04420
4132.23 2.4200 1.532 0.000 0.013 0.000 0.04420
4166.67 2.4000 1.532 0.000 0.013 0.000 0.04420
4201.¢68 2.3800 1.532 0.000 0.013 0.000 0.04420
4237.29 2.3600 1.532 0.000 0.013 0.000 0.04420
4273.50 2.3400 1.533 0.000 0.013 0.000 0.04425
4310.35 2.3200 1.533 0.000 0.013 0.000 0.04425
4347.83 2.3000 1.533 0.000 0.013 0.000 0.04425
4385.96 2.2800 1.533 0.000 0.013 0.000 0.04428
4424.78 2.2600 1.533 0.000 0.013 0.000 0.044253
44€4.29 2.2400 1.533 0.000 0.013 0.000 0.04425
4534.50 2.2200 1.833 0.000 0.013 0.000 0.04425
4545.45 2.2000 1.532 0.000 0.013 0.000 0.04420
4587.16 2.1800 1.533 0.000 0.013 0.000 0.04425 .
4629.63 2.1600 1.533 0.000 0.013 0.000 0.0442"%
4672.90 2.1400 1.533 0.000 0.013 0.000 0.04428
4716.98 2.1200 1.533 0.000 0.013 0.000 0.04430
4761.90 2.1000 1.534 0.000 0.013 0.000 0.04438
4807.69 2.0800 1.534 0.000 0.013 J.000 0.04438
4854.37 2.0600 1.534 0.000 0.013 0.000 0.04440
4201.96 2.0400 1.534 0.000 0.013 0.200 0.04445
4950.50 2.0200 1.534 0.000 0.013 0.000 0.04445
5000.00 2.0000 1.534 0.000 0.013 0.000 0.04445
5050.50 1.9800 1.534 0.0060 0.013 0.000 0.04445
5102.04 1.9600 1.538 0.000 0.013 0.000 0.044580
5154.64 1.9400 1.535 0.000 0.013 0.000 0.04450
5208.33 1.9200 1.535 0.000 0.013 0 000 0.04450
§263.16 1.9000 1.838 0.000 0.013 9,000 0.04450
5319.15 1.8800 1.535 0.000 0.013 0.000 0.044388
§376.34 1.8600 1.835 0.000 0.013 0.000 0.04455
$434.78 1.8400 1.536 0.000 0.013 0.000 v.04460
$494.50 1.8200 1,836 0.000 0.013 0.000 0.04460
5555.56 1.8000 1.536 0.000 0.013 0.000 0.04460
5617.98 1.7800 1.536 0.000 0.013 0.000 0.04460
5681.82 1,7600 1.536 0.000 0.013 0.000 0.04460
$747.13 1.7400 1,836 0.000 ©.013 0.000 0.04468
5813.958 1.7200 1.536 0.000 0.013 0.000 0.04468
5882.35%5 1.7000 1.536 0.000 0.013 0.000 0.04470
59%82.38 1.6800 1.536 0.000 0.013 0.000 0.04470

: 6024.10 1.6600 1.837 0.000 0.013 0.000 0.04478

| 6097.56 1.6400 1.537 0.000 0.013 0.000 0.04478

6172.84 1.6200 1.537 0.000 0.013 0.000 0.04480

6250.00 1.6000 1,837 0.000 0.013 0.000 0.04480

6329.11 1.5800 1,837 0.000 0.013 0.000 0.04485

6410.26 1.5600 1.537 0.000 0.013 0.000 0.04485

6493.851 1.5400 1.837 0.000 0.013 0.000 0.04485

6578.956 1.5200 1.5638 0.000 0.013 0.000 0.04490

6666.67 1.5%000 1.838 0.000 0.013 0.000 0.04490

6756.76 1.4800 1.538 0.000 0.013 0.000 0.04495

6849.31 1.4600 1.538 0.000 0.013 0.000 0.044985

-
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Table 1.

WN

6944.44
7042.25
7142.86
7246.38
7352.94
7462.69
7575.76
7692.31
7812.50
7936.51
8064.52
8196.72
8333.33
8474.58
8620.69
8771.93
8928.57
9090.91
9259.26
9433.96
9615.38
9803.92
10000.00
10204.08
10416.67
10638.30
10869.86
11111.11
11363.64
11627.91
11904.76
121958.12
12500.00
12820.51
131567.89
13513.51
13886.89
14285.71
14705.88
15151.51
15625.00
16129.03
16666.67
17241.38
17887.14
18518.52
19230.77
20000.00
20833.33
21739.13

Sodium Chloride (NacCl).

WL

.4400
.4200
.4000
.3800
1.3600
1.3400
1.3200
1.3000
1.2800
1.2600
1.2400
1.2200
1.2000
1.1800
1.1600
1.1400
1.1200
1.1000
1.0800
1.0600
1.0400
1.0200
1.0000
0.9800
0.9600
0.9400
0.9200
0.9000
0.8800
0.8600
0.8400
0.8200
0.8000
0.7800
0.7600
0.7400
0.7200
0.7000
0.6800
0.6600
0.6400
0.6200
0.6000
0.5800
0.5600
0.5400
0.8200
0.8000
0.4800
0.4600

o e

N

1.539
1.539
1.539
1.539
1.540
1.540
1.540
1.841
1.541
1.541
1.542
1.542
1.542
1.542
1.542
1.542
1.543
1.543
1.543
1.843
1.543
1.343
1.842
1.542
1.842
1.842
1.842
1.542
1.542
1.543
1.543
1.5843
1.542
1.5841
1.541
1.5840
1.540
1.840
1.841
1.5842
1.542
1.543
1.5844
1.545
1.847
1.580
1.582
1.554
1.589
1.864

27

K

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000

DN

0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
G.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013
0.013

DK

0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
0.000
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R

0.04800
0.04500
0.04508
0.04510
0.04515
0.04515
0.04520
0.04530
0.045835
0.04535
0.04540
0.04545
0.04545
0.04550
0.04550
0.045850
0.04555
0.04560
0.045860
0.04588
0.04888
0.04858
0.04850
0.04545
0.04540
0.04540
0.04540
0.04540
0.04550
0.045%60
0.04580
0.04555
0.04545
0.04538
0.04530
0.04528
0.04820
0.04525
0.04530
0.04540
0.048458
0.04560
0.04570
0.,04520
0.04615
0.04645
0.04678
0.04710
0.04775
0.04840



Table 1. Sodium Chloride (NacCl). PAGE 7

WN WL N K DN DK R

22727.27 0.4400 1.569 0.000 0.013 0.000 0.0490%
23809.5%52 0.4200 1.578 0.000 0.014 0.000 0.04990
25000.00 0.4000 1.583 0.000 0.014 0.000 0.05090
26315.79 0.3800 1.589 0.000 0.014 0.000 0.0S5180
27777.178 0.3600 1.596 0.000 0.014 0.000 0.05278
29411.76 0.3400 1.606 0.000 0.014 0.000 0.08400
i 31250.00 0.3200 1.614 0.000 0.014 0.000 0.08510
7 33333.33 0.3000 1.62% 0.000 0.014 0.000 0.05670
38714.29 0.28C0 1.644 0.000 0.014 0.000 0.08938
: 38461.84 0.2600 1.683 0.000 0.014 0.000 0.06475
i 41666.67 0.2400 1.709 0.000 0.014 0.000 0.06845 -
45454.55 0.2200 1.660 0.000 0.014 0.000 0.06160
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4.2

Potassium Chloride (KCl).

Potassium chloride is an optically isotropic cubic crystal with
Fm3m space group symmetry, Z=4 molecular units/unit cell, and
specific gravity of 1.99. The crystals used for this
investigation were high purity 2.5 cm cubes obtained from Optovac
Inc., North Brookfield, Ma.

A sample for measurement of reflectance spectra was prepared
as follows. A 63.4-26.6~90 degree right angle prism was cut fram
one of the cubes to eliminate the possibility of measuring radiant
flux reflected from the back surface of the sample. The 2.5 cm
square face of the prism, from which the near normal incidence
reflectance was to be measured, was polished briefly on a water
dampened lap, rinsed in carbon tetrachloride, etched for about 15
sec in concentrated hydrochloric acid, rinsed again with carbon
tetrachloride, dried, and transferred immediately to the dry-air
atmosphere of one of the spectrometers for acquisition of
reflectance spectra.

Near normal incidence (6.5 deg) reflectance spectra were
acquired relative to precalibrated first surface aluminum
mirrors. A Perkin-Elmer 5808 and Varian 2300 spectrophotometers
were used to acquire the relative reflectance spectrum of the
sample in the 180-4,000 cm™! wave-oumber and 200-2,500 nm
wavelength regions, respectively. The reflectance of KCl was then
obtained by multiplying the relative reflectance with the
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